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(57) ABSTRACT 

A method of encoding a digital data Stream for writing to a 
digital storage (DDS) format tape data storage medium 
comprises writing a byte Stream to a preamble region, 
immediately preceding a user data region. The byte Stream 
has a power Spectrum Substantially similar to a power 
Spectrum of the user data region. An automatic gain control 
circuit responds to the preamble data Stream in a Substan 
tially Similar fashion to its response to the user data Stream. 
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EQUALIZATION PRE-AMBLE REGION IN 
DIGITAL DATA STORAGE (DDS) FORMAT 

FIELD OF THE INVENTION 

The present invention relates to the field of data Storage 
devices, and particularly, although not exclusively, to the 
field of digital data Storage Systems having a tape data 
Storage medium which moves relative to a read/write head. 

BACKGROUND TO THE INVENTION 

It is known to provide reliable Storage and retrieval of 
digital data, particularly computer data, by means of a digital 
data storage (DDS) format defined in ISO/IEC standard 
10777:1991 E. DDS format devices have developed through 
versions DDS-1 to DDS-4, which are known in the prior art. 

In a DDS device, an elongate band of magnetic tape 
contained upon a pair of Spools in a data Storage cassette is 
transported past one or more electromagnetic read and write 
heads, Such that the rotating magnetic heads trace a path 
which is Substantially diagonal acroSS a main length of the 
elongate magnetic tape. Multiple passes of the write heads 
result in multiple diagonal tracks across the magnetic tape, 
which extend along a length of the magnetic tape. 

Referring to FIG. 1 herein, there is shown schematically 
a layout of a tape data Storage cartridge in relation to a tape 
drive mechanism according to the DDS format, in which an 
elongate band of tape is contained within a removable tape 
cartridge 100. The tape cartridge is inserted into the tape 
drive mechanism. A rotating read/write head 101 comprises 
first and Second read heads and first and Second write heads 
Situated at Substantially equidistant points around a circum 
ference of the rotating head. The head rotates on top of a 
substantially cylindrical metallic plinth 102. The read/write 
head rotates at a Speed of approximately 11,400 revS per 
minute. A main central axis of a cylinder formed by the outer 
surfaces of the drum and the plinth is directed offset from a 
line normal to a plane of a base plate 103, so that the effect 
is that as the band of tape traverses around part of the 
circumference of the cylindrical head plinth, the rotating 
heads describe a path diagonally across the width of the tape 
in Successive passes of the heads past the tape. 

Referring to FIG. 2 herein there is shown schematically a 
tape path of the elongate magnetic tape data Storage medium 
201 as it is drawn past the rotating drum containing the read 
and write heads. The tape data Storage medium 201 is wound 
onto a feed reel 202 and a take up reel 203 which are within 
the removable tape cartridge 100. During normal operation, 
the magnetic tape 201 is wound from the feed-reel 202 on to 
the take-up reel 203. The path of the magnetic tape 201 is 
constrained by a plurality of rollers and tape guides 
204-208. Additional tape guides 104, 105 determine the 
relative positions of the rotating drum 102, the read and 
write heads 210-213 and the tape data storage medium 201. 
The feed reel 202 and take up reel 203 are driven by electric 
motors to maintain a correct tension in the magnetic tape 201 
past the head. 

Referring to FIG, 3 herein, there is illustrated schemati 
cally the orientation of the magnetic tape 201 with respect to 
the rotating drum 101. The tape 201 is drawn past the 
rotating head at a relatively slow tape Speed of the order of 
a few centimeters per Second. However, the rotating drum 
101 on which the read and write heads are mounted, 
typically rotates at a few thousand revolutions per minute, So 
the relative speed of the read and write heads to the drum is 
of magnitudes of order greater than the absolute tape Speed. 
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2 
During a write operation, the write heads record a sequence 
of tracks diagonally across the elongate magnetic tape 201. 
The width of such tracks is typically of the order of 6.8 um. 

Referring to FIG. 4 herein, there is illustrated schemati 
cally a portion of a write circuit for writing a logical track 
according to the Specific implementation of the present 
invention. The write circuit contains a linear feedback shift 
register 400 for generating a pseudo random bit Sequence as 
described herein for incorporation into a preamble field of 
the logical data track, an 8-10 encoder 401; a non-return to 
Zero circuit 402, an output amplifier 403, and a write head 
404. 

Referring to FIG. 5 herein, there is shown schematically 
a read channel for reading data from a data Storage medium 
of cartridge 100. The read channel comprises a read head 
500. Data stored on the tape is read by the read head 500 
which passes the signal via a rotary transformer 501 to an 
amplifier 502. Amplifier 502 sends an amplified output 
Signal which is input into an equalizer 503 for the purpose 
of initial equalization. After equalization, the Signal is 
passed into an automatic gain control circuit 504, and is 
filtered in a filter 505 which further shapes an overall 
channel frequency response to match a required equalization 
characteristic. The filtered signal is Supplied to an analog to 
digital converter 506 which produces a digitized version of 
the filtered signal, which is then passed to a feed forward 
equalizer 507 which further equalizes the signal to a 
required equalization target. An equalized digital Signal 
output from the feed forward equalizer 507 is input into a 
sequence detector 508. The sequence detector 508 includes 
a Viterbi engine, and various detection paths for determining 
a Sequence of bits resulting from the Signal read by the read 
head 500. The read channel also includes a preamble detec 
tor 509 for detecting preamble data before reading user data, 
the preamble detector producing an output which is Set into 
a state machine 510, The output of the state machine controls 
automatic gain control circuit 504 to adjust again in the read 
channel. 

Referring to FIG. 6 herein, there is illustrated schemati 
cally a layout of physical tracks Striped acroSS a width of an 
elongate magnetic band tape in a cartridge. A plurality of 
tracks are written slightly overlaying each other by Succes 
Sive passes of the write head of a rotating drum. 

Referring to FIG. 7 herein, there is illustrated schemati 
cally a logical data layout of a Single track written acroSS the 
tape data Storage medium in a Single pass of a write head 
across the width of the tape. The logical track 700 comprises 
at a start of the logical track, a first margin area 701 which 
when written physically resides at one edge of the tape data 
Storage medium; a preamble region 702; a user data region 
703, preceded by a synchronization header 704; and a 
second margin area 705 written after the user data 703, the 
Second margin area laying physically at a Second edge of the 
tape data Storage medium. The preamble region is positioned 
between the first margin area 701 and the user data 703 and 
immediately preceding the user data 703. The purpose of the 
preamble region is acquire gain and timing information prior 
to reading the user data 703 with the object of achieving an 
optimum bit error rate in reading the user data area 703. 
The prior art preamble field contains a 2T tone data. 

However, as the density of bits Stored on tape increases, the 
2T tone data preamble field gives rise to a problem of 
fluctuation of gain control in the automatic gain control 
circuit 504 which becomes unacceptable for reading higher 
bit densities. 

In the prior art DDS-4 format, the preamble region 702 
usually consists of a single frequency constant tone bit 
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sequence which immediately precedes the user data 703. 
The DDS-4 logical format calls for a constant 2T tone in the 
preamble region. The parameter T relates to the minimum 
acceptable spacing between pulse transitions. In the DDS-4 
format the preamble region 702 consists of 640 bits of data. 
The bits of data are arranged in transitions of 2T length, that 
is to Say 4 bits per cycle. This gives a preamble region length 
of 160 cycles (640T), each cycle being +,+,-,-. The physical 
distance occupied by a cycle on the tape data Storage 
medium depends upon the data Storage density of bits on the 
tape. The overall physical length of preamble field as 
recorded onto tape in the DDS-4 format is approximately 
107 um. 

SUMMARY OF THE INVENTION 

According to one aspect of the present invention there is 
provided a method of encoding a plurality of tracks of data 
for Storage on a tape data Storage medium, Said method 
characterized by comprising for each of Said plurality of data 
tracks written to Said tape data Storage medium, writing 
within said data track, a preamble region (702) which 
precedes a user data region, Said preamble region having a 
preamble data sequence having a power spectrum (900) 
Substantially similar to a power spectrum of a Substantially 
random data. 

Preferably said preamble data Sequence has a power 
Spectrum having no significant troughs over a frequency 
band extending between first and second -6 dB power 
levels, each side of a peak value. 

Preferably said preamble region (702) comprises between 
800 and 900 bits per physical data track in a best mode 
implementation. 

Preferably said preamble data Sequence has a power 
Spectrum characteristic prior to any Subsequent encoding 
which may occur, Substantially Similar to a power Spectrum 
characteristic of the following byte Stream of hexidecimal 
coded numbers b3, d2, b8, 83, 67, aS, 71, 06, cf., 4a, e2, 0d, 
9e, 95, cA, 1b, 3d, 2b, 88, 36, 7a, 57, 10, 6c, f4, ae, 20, d9, 
e9, 5c, 41, b3, d2, b8, 83, 67, a5, 71, 06, cf., 4a, e2, 0d, 9e, 
95, cA, 1b, 3d, 2b, 88, 36, 7a, 57, 10, 6c, f4, ae, 20, d9, e9, 
5c, 41, b3, d2, b8, 83, 67, a5, 71, 06, cf., 4a, e2, 0d, 9e, 95, 
c4, 1b, 3d, 2b, 88, 36, 7a, 57. 

Said preamble data may comprise bits, which when 
written to tape each occupy a length of the order of 100 to 
140 nanometers per bit. Preferably, the bits have a wave 
length of approximately 125 nanometers. 

The preamble data Sequence preferably has a uniform 
distribution of transitions having valid phase information, 
from which a timing circuit can recover timing data. The 
preamble data Sequence may have a distribution of density 
of transitions having valid phase information which is free 
of peaks of transitions of more than + or -6 in density. 

In a preferred format, Said plurality of data tracks are 
written acroSS a width of Said tape data Storage medium in 
a direction transverse to a main length of Said tape data 
Storage medium. 

Preferably Said preamble data Sequence is coded prior to 
Writing to tape, and Said coded preamble Sequence has a 
power Spectrum Substantially similar to a power Spectrum of 
an 8-10 modulation coding convolved with a power Spec 
trum of a Substantially random data. 

Preferably, the preamble data sequence has at least 8 bits 
corresponding to a 2T transition pattern, where a 1T tran 
Sition comprises a minimum spacing between pulse transi 
tions. 
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4 
The invention includes a plurality of tracks of data for 

Storage on a tape data Storage medium, Said method char 
acterized by comprising for each of Said plurality of data 
tracks written to a tape data Storage medium, writing within 
Said data track a preamble region having a preamble data 
Sequence having a power Spectrum Substantially similar to a 
power spectrum of a 8-10 modulation coding convolved 
with a power spectrum of a Substantially random data. 

According to a Second aspect of the present invention 
there is provided a method of encoding a plurality of tracks 
of data for Storage on a tape data Storage medium, Said 
method characterized by comprising for each of Said plu 
rality of data tracks written to a tape data Storage medium, 
writing within said data track a preamble region (702) 
having a preamble data Sequence having a power spectrum 
(900) Substantially similar to a power spectrum of a 8-10 
modulation coding convolved with a power spectrum of a 
Substantially random data. 

According to a third aspect of the present invention there 
is provided a method of reading a data Stream from a tape 
data Storage medium, Said method comprising the Steps of 
reading a preamble data, Said preamble data comprising a 
data Stream having a power Spectrum equivalent to a power 
Spectrum of a Substantially random bit Stream; and Synchro 
nising to Said read preamble data Stream. 

Preferably, the data Stream comprises a byte Stream hav 
ing a power spectrum equivalent to a power spectrum of an 
8-10 coding convolved with a power Spectrum of a Substan 
tially random data. 
The invention includes an encoder device for encoding a 

plurality of tracks of data for Storage on a tape data Storage 
medium, Said encoder device comprising means for gener 
ating a byte Stream as in any of the above aspects. 
According to a fourth aspect of the present invention there 

is provided an apparatus for encoding a plurality of tracks of 
data for Storage on a tape data Storage medium, Said appa 
ratus comprising: 

a write circuit for writing Said plurality of data tracks to 
a tape data Storage medium, Said write circuit arranged 
for writing on Said data track, a preamble region (702) 
which precedes a user data region, Said preamble region 
having a preamble data Sequence having a power 
Spectrum Substantially similar to a power Spectrum of 
a Substantially random data. 

Preferably said write channel is arranged to write between 
800 and 900 bits of said preamble data sequence on each of 
Said plurality of trackS. 
The apparatus may write a preamble data Sequence having 

a power Spectrum characteristic Substantially similar to a 
power spectrum characteristic of the following byte Stream 
of hexidecimal coded numbers, 

b3, d2, b8, 83, 67, a5, 71, 06, cf., 4a, e2, 0d,9e, 95, cA, 1b, 
3d, 2b, 88, 36, 7a, 57, 10, 6c, f4, ae, 20, d9, e9, 5c, 41, 
b3, d2, b8, 83, 67, aS, 71, 06, cf., 4a, e2, 0d, 9e, 95, cA, 
1b, 3d, 2b, 88, 36, 7a, 57, 10, 6c, f4, ae, 20, d9, e9, 5c, 
41, b3, d2, b8, 83, 67, a5, 71, 06, cf., 4a, e2, 0d, 9e, 95, 
c4, 1b, 3d, 2b, 88, 36, 7a, 57. 

Each said bit may occupy a length of the order 100 to 140 
nanometers per bit. 
A distribution of transitions containing phase information 

validly useable by a timer circuit is preferably free of peaks 
of density of transitions of more than + or -6 from a mean 
value. 

Preferably said plurality of data tracks are written across 
a width of Said tape data Storage medium in a direction 
transverse to a main length of Said tape data Storage medium. 



US 6,678,104 B2 
S 

Preferably the apparatus comprises an 8-10 encoder for 
encoding Said preamble data Sequence, to result in a 8-10 
encoded preamble data Sequence having a power spectrum 
Substantially similar to a power Spectrum of an 8-10 coding 
convolved with a power Spectrum of a Substantially random 
data. 

The invention includes an apparatus for reading a data 
Stream from a tape data Storage medium, Said apparatus 
comprising: 
means for reading a preamble data Sequence, Said pre 

amble data Sequence comprising a data Stream having 
a power Spectrum equivalent to a power Spectrum of a 
user data. 

According to a fifth aspect of the present invention, there 
is provided an apparatus for reading and writing a data 
Sequence, Said data Sequence comprising: 

a preamble data region and; 
a user data region; 
wherein Said preamble data region comprises a byte 

Stream having a power spectrum Substantially Similar to 
a power spectrum of Said user data in Said user data 
region. 

Preferably said byte stream comprises a byte stream 
having a power Spectrum characteristic Substantially similar 
to a power spectrum characteristic of the following byte 
Stream of hexidecimal numbers: 

b3, d2, b8, 83, 67, a5, 71, 06, cf., 4a, e2, 0d,9e, 95, cA, 1b, 
3d, 2b, 88, 36, 7a, 57, 10, 6c, f4, ae, 20, d9, e9, 5c, 41, 
b3, d2, b8, 83, 67, a5, 71, 06, cf., 4a, e2, 0d, 9e, 95, cA, 
1b, 3d, 2b, 88, 36, 7a, 57, 10, 6c, f4, ae, 20, d9, e9, 5c, 
41, b3, d2, b8, 83, 67, a5, 71, 06, cf., 4a, e2, 0d, 9e, 95, 
c4, 1b, 3d, 2b, 88, 36, 7a, 57. 

Suitably, the apparatus further comprises an 8-10 modu 
lation coder for coding Said preamble data and Said user 
data, wherein Said coded preamble data has a power Spec 
trum Substantially similar to a power spectrum of Said user 
data convolved with a power spectrum of Said modulation 
coding. 

Suitably, the apparatus is capable of writing a preamble 
data Sequence having a last 8 bits corresponding to a 2T 
transition pattern. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the invention and to show 
how the same may be carried into effect, there will now be 
described by way of example only, Specific embodiments, 
methods and processes according to the present invention 
with reference to the accompanying drawings in which: 

FIG. 1 illustrates a physical mechanism of a prior art DDS 
data Storage device comprising a magnetic tape data Storage 
medium contained within a removable cassette, read by a 
rotating read/write head; 

FIG. 2 illustrates Schematically the path of a magnetic 
tape data Storage medium with respect to a rotating drum 
containing a plurality of read heads and a plurality of write 
heads according to the prior art DDS format; 

FIG. 3 illustrates schematically rotation of the drum 
containing a plurality of read/write heads with respect to an 
elongate band of magnetic tape drawn in an arcuate path 
around the rotating drum; 

FIG. 4 illustrates schematically a write signal channel for 
Writing data to a magnetic tape according to the known DDS 
format, 

FIG. 5 illustrates schematically a read channel for reading 
data from a magnetic tape according to the known DDS 
format, 
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6 
FIG. 6 illustrates schematically physical layout of data 

tracks written on an elongate magnetic band data Storage 
medium according to the known DDS format; 

FIG. 7 illustrates schematically a logical layout of data 
written along one diagonally written physical track acroSS 
the elongate magnetic band in accordance with the known 
DDS format; 

FIG. 8 herein illustrates schematically a specific example 
of a byte Sequence applied in a preamble region of a logical 
write track according to a Specific implementation of the 
present invention; 

FIG. 9 illustrates schematically a power spectrum of a 
preamble signal having a byte Sequence as illustrated in FIG. 
8 herein, the power Spectrum taken at a preamplifier output 
Stage of the read channel; 

FIG. 10 illustrates schematically a distribution of transi 
tions which give valid phase information in the byte 
sequence as illustrated in FIG. 8 herein; 

FIG. 11 illustrates schematically a write signal channel for 
Writing data to a magnetic tape according to the Specific 
implementation of the present invention; and 

FIG. 12 illustrates Schematically a shift register arrange 
ment according to a specific embodiment of the present 
invention, for generating a byte Sequence as illustrated is 
FIG. 8 herein. 

DETAILED DESCRIPTION OF THE BEST 
MODE FOR CARRYING OUT THE INVENTION 

There will now be described by way of example the best 
mode contemplated by the inventors for carrying out the 
invention. In the following description numerous specific 
details are set forth in order to provide a thorough under 
Standing of the present invention. It will be apparent 
however, to one skilled in the art, that the present invention 
may be practiced without limitation to these specific details. 
In other instances, well known methods and structures have 
not been described in detail So as not to unnecessarily 
obscure the present invention. 
The inventors have recognized that the constant frequency 

tones used in the preamble field of the known DDS-4 format 
devices have a different spectral power content to the user 
data in the data field. This is because the known preamble 
frequency tone comprises a Sequence of bits +,+,-,-,+,+,-,- 
and So on in the preamble region. Such a sequence has a 
fairly narrow power spectrum centered around a narrow 
frequency band. 

However, in general the user data in the data field has a 
power Spectrum corresponding to a Substantially random bit 
Sequence, whereas the known constant frequency tone used 
in the preamble field of the DDS-4 format, has a different 
spectral power characteristic. Within the user data field, the 
user data is coded, Such that it may appear random-like in 
nature. The minimum transition Spacing physically recorded 
onto tape is of the order of 1T, and data exists in the user data 
area with spacings between transitions typically of 1T, 2T, 
3T, 4T exclusively. 

In the read channel of a prior art DDS-4 device, the 
automatic gain control System has an effective frequency 
response which causes it to respond differently to the 
received channel amplitude of a constant tone, as compared 
to the received channel amplitude of a pseudo random 
Sequence of bits as present in the user data field, even though 
the actual amplitude of bits in those fields may be the Same. 
This causes the automatic gain control System to adjust the 
gain of the received channel, when in fact no effective 
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change in received amplitude of individual bits has 
occurred. The adjustment may be of the order 0.8 to 1.2 dB, 
with DDS-1 to DDS-3 gain control systems, and in a DDS-4 
System, in which a Sample derived gain control System is 
used, the adjustment may be of order of 0.5 dB. Thus, the 
prior art DDS-4 read channel may not have an optimal gain 
for receiving bits of user data, for a period at the Start of 
reading each user data field. The prior art gain control 
Systems attempt to make a change in channel gain when 
experiencing a transition from the prior art preamble data to 
the prior art user data when in fact the amplitudes of the bits 
of those data remains constant. 

Changes in gain cause problems in the read channel at the 
Sequence detector, which is usually a Viterbi detector. There 
are threshold levels in the detector, set at +2, 0 or -2, which 
determine whether the Sampled Signals read from the tape 
are in one of three bands, designated +2, 0, -2. If the 
amplitude of the Signal into the Sequence detector is 
changed, then this changes the level of the Signal relative to 
the threshold levels, which increases the rate at which errors 
are introduced into reading the levels of the bits. 

According to specific implementations of the present 
invention, the preamble region 702 which is used to acquire 
gain and timing information by a read channel, is modified 
to contain a data Sequence having the property that it is 
treated by an automatic gain control System of the read 
channel, as nearly as possible in the same way in which the 
automatic gain control System would treat a block of 
encoded user data in a user data field. Thus, on the transition 
from the preamble field to the user data field, the automatic 
gain control System maintains a Stable pulse amplitude of 
bits entering the Sequence detector. To achieve this, a byte 
Sequence having power Spectrum properties Similar to a 
block of encoded user data is used. Over a large amount of 
user data, the user data on average will have a power 
Spectrum equivalent to that of random data. However, the 
preamble data cannot be truly random, Since it contains 
information enabling a Synchronizer to lock onto it. The 
preamble data Sequence must also have properties which 
allow a Synchronization detector to Synchronize quickly 
within a few T cycles to the preamble sequence. Several byte 
Sequences may be Suitable for Such a preamble data 
Sequence, however in the best mode herein the inventors 
have found that a byte sequence as illustrated in FIG. 8 
herein has optimum properties. 

Referring to FIG. 8 herein, there is illustrated schemati 
cally a byte Sequence used in a preamble field of a logical 
data track according to a specific implementation of the 
present invention. The byte sequence illustrated in FIG. 8 is 
Selected Such as to have a power Spectrum which matches 
closely a power spectrum of an average, or typical, Sequence 
of user data bytes in the user data region 703. The byte 
Sequence passes through an 8-10 encoder prior to writing to 
tape. In the best mode, the preamble sequence of FIG. 8 can 
be applied at bit wave lengths as recorded on tape data 
Storage medium having a T length of 125 nm, giving a total 
preamble region of 854 bits over a distance of 107 um. This 
has a same physical length acroSS the tape as the prior art 
DDS-4 640 bit preamble sequence. This length is dictated by 
the physical properties of contact of a read or write head 
with the tape. The read or write heads are only linearly in 
physical contact with the tape for a finite distance either side 
of a center line 607 of the tape. It will be appreciated that the 
wavelength of bits may be varied without departing from the 
Scope of the invention, and bit lengths in the range 100 nm 
to 140 nm may be Suitable. The particular byte Sequence 
illustrated in FIG. 8 is selected as a best mode byte sequence 
for reasons including the following: 

1O 
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8 
Firstly, using the byte Sequence as a preamble Sequence, 

the Spectrum of a received preamble Signal at the 
preamplifier output of the read channel has no signifi 
cant spectral holes in it. That is to Say, there are no 
Significant frequencies within the power spectrum of 
the output of the preamplifier, when reading the byte 
sequence of FIG. 8, which are absent or low. Referring 
to FIG. 9 herein, there is illustrated a power spectrum 
900 of a signal produced at the output of preamplifier 
502 in the read channel when reading a preamble field 
702 containing a byte sequence as illustrated in FIG. 8 
herein. In the power spectrum of FIG. 9, the distribu 
tion of power is centered around a mean value, and rolls 
off either Side of the mean value without any Significant 
troughs in power, over a range of frequencies between 
-6 dB points either Side of a peak value. The automatic 
gain control circuit reacts differently to the Spectrum of 
a 2T constant tone than it does to the Spectrum of 
random data. The presence of interSymbol interference 
in random data tends to make the average magnitude of 
a received +2 or -2 signal slightly Smaller than it 
should be, by up to 1 dB. This causes a Small gain 
adjustment to be made by the automatic gain control 
circuit on reception of the first data fragment, even 
though there is no change in the amplitude of the bits 
of the incoming Signal. 
In prior art DDS-4 products, since the behavior of the 
automatic gain control circuit is known after detection 
of a 2T preamble, the prior art preamble detector in 
conjunction with a prior art data recovery State machine 
is programmed Such that as the break between pre 
amble and random data in a user field is detected, a 
target level of the automatic gain control circuit System 
is immediately changed by a programmable amount in 
anticipation of a perceived change in incoming ampli 
tude of user data. However as the number of bits of data 
in a single track are increased, due to increasing the bit 
density for the purpose of increasing the overall data 
Storage capacity of a cassette tape, the prior art data 
recovery State machine is no longer capable of reliably 
Spotting the boundary between the preamble data and 
the (random) user data. A chip containing the data 
recovery State machine must be operated in a non 
optimal mode and is therefore Susceptible to changes in 
perceived incoming Signal amplitude. The result is that 
the inherent mismatch between the power Spectrum of 
the prior art 2T preamble data field and the (random 
like) user data field becomes more of a problem as data 
Storage densities increase, and can prevent detection of 
the start of the user data field after detection of the 
preamble data. 
In the write channel, the user data is encoded using an 
8-10 modulation encoder. The coding used in the 8-10 
modulation has its own power Spectrum characteristics. 
Over a large amount of user data, the user data is of a 
random-like nature and has a power Spectrum charac 
teristic corresponding Substantially to a random bit 
Sequence. The code used in the preamble region in the 
best mode is Selected So as near as possible to have a 
power spectrum which is Substantially the same as a 
power spectrum of an 8-10 modulation code power 
Spectrum convolved with a power spectrum of a truly 
random bit Sequence. 

Secondly, an even distribution of valid phase information 
is produced in the byte sequence of FIG. 8. It is 
important to have a Sufficient number of valid transi 
tions to allow a phase detector to maintain lock, or 
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acquire lock under conditions of maximum noise. The 
preamble data Sequence gives a number of transitions, 
which may be used for timing recovery. Only some of 
those transitions are uSeable by a timing circuit to 
acquire or maintain lock. Not all valid bit transitions 
contain phase information usable by a timing recovery 
loop circuit. Optimally, valid transitions would occur 
throughout the preamble region, So that lock could be 
acquired and/or maintained anywhere in the preamble 
data Sequence. However, Some prior art preamble byte 
patterns have their valid phase information concen 
trated at either the beginning or the end of the pattern, 
although most prior art preamble byte patterns contain 
about the same amount of usable phase information 
overall. The best mode byte Sequence as illustrated in 
FIG. 8 herein has a relatively even distribution of valid 
phase information throughout the whole of the byte 
sequence. FIG. 10 illustrates a rolling deviation of a 
Summed number of valid transitions from a Summed 
average number of valid transitions per bit plotted 
against bit position within the preamble byte Sequence 
in the preamble data region 702. An ideal byte Sequence 
would have an even distribution of transitions contain 
ing valid phase information, distributed between the 
first and last bytes of the preamble data Sequence. Each 
end of the graph is therefore constrained to be '0'. The 
byte sequence of FIG. 8 gives rise to the transition 
distribution diagram of FIG. 10 showing a relatively 
constant distribution of transitions having valid phase 
information, which are relatively evenly distributed 
from bytes 0 to 853 of the preamble byte sequence, 
with only Small peaks of density of transitions having 
valid phase information, constrained within + or -6 
transitions either Side of a center value. In contrast, in 
prior art preamble byte Sequence patterns, Some pat 
terns have a peak deviation from a mean exceeding + 
or -20 transitions either Side of the peak. 

Thirdly, in the present best mode Specific implementation, 
the preamble byte Sequence is Selected to have its last 
8 bits corresponding to a 2T pattern. That is to Say a 
pattern of 1,0,1,0,1,0,1,0,1,0. This gives a write current 
of 1,1,–1,-1,1,1,–1,-1,1,1. This is otherwise known as 
2T. This may give a lowest possible intersymbol inter 
ference noise on entry into a first Synchronization 
sequence 704 at the start of the user data region 703, 
and therefore an enhanced probability of recovering the 
first synchronization sequence 704 in the user data 
region. 

Referring to FIG. 11 herein, there is illustrated schemati 
cally elements of a write channel for writing data to a 
magnetic tape data Storage medium, according to a specific 
embodiment of the present invention. The write channel 
comprises a header processor 1100, for producing header 
data, including a preamble region, to prepend a user data 
region; an 8-10 encoder 1101 for encoding header data, 
including the preamble data and for encoding the user data, 
prior to recording onto tape, a non-return to 0 circuit 1102, 
an output amplifier 1103 for outputting a signal to a write 
head 1104, which writes data to a magnetic tape data Storage 
medium as a plurality of pulses, Striped in a direction acroSS 
a magnetic tape as in the prior art DDS-4 format. The header 
processor 1100 comprises a preamble field generator for 
generating a preamble data according to the byte Sequence 
illustrated with reference to FIG. 8 herein. The preamble 
generator may be implemented as a shift register 
arrangement, in an application specific integrated circuit 
(ASIC), or may be implemented as a processor driven by 
Software. 
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Referring to FIG. 12 herein, there is illustrated schemati 

cally one implementation of a linear feedback Shift register 
circuit capable of generating a pseudo random bit Sequence 
as illustrated with reference to FIG. 8 herein. The shift 
register comprises an 8bit register having an exclusive NOR 
gate (X-NOR) taking the output from locations 7 and 4 of 
the 8 bit register and feeding it back into a location 0 of the 
register. The first output from the linear feedback shift 
register is taken after 8 clock cycles, and should be the heX 
B3(h) byte. Successive outputs are taken after Successive 
Sets of 8 clock cycles. The shift register is reset to the value 
shown at the Start of every track. 
What is claimed is: 
1. A method of encoding a plurality of tracks of data for 

Storage on a tape data Storage medium, Said method com 
prising: 

Seguentially writing the plurality of data tracks to Said 
tape data Storage medium So each of Said tracks 
includes a preamble region and a user data region, Said 
preamble region having a preamble data Sequence 
having a power spectrum Substantially similar to a 
power spectrum of Substantially random data in the 
user data region. 

2. The method as claimed in claim 1, wherein Said 
preamble region comprises between 800 and 900 bits. 

3. The method as claimed in claim 1, wherein said 
preamble data Sequence comprises bits, which when written 
to tape each occupy a length of the order of 100 to 140 
nanometers per bit. 

4. The method as claimed in claim 1, wherein said 
preamble data Sequence has a distribution of density of 
transitions having valid phase information which is free of 
peaks of more than + or - 6 transitions. 

5. The method as claimed in claim 1, wherein said 
plurality of data tracks are written acroSS a width of Said tape 
data Storage medium in a direction transverse to a main 
length of Said tape data Storage medium. 

6. The method as claimed in claim 1, wherein said 
preamble data Sequence is 8-10 coded and a resulting coded 
preamble data has a power spectrum Substantially similar to 
a power Spectrum of an 8-10 modulation coding convolved 
with a power spectrum of a Substantially random data. 

7. The method as claimed in claim 1, wherein said 
preamble data Sequence has at least 8 bits corresponding to 
a 2T transition pattern, where a 1T transition comprises a 
minimum spacing between pulse transitions. 

8. In combination, an encoder device for encoding a 
plurality of tracks of data for Storage on a tape data Storage 
medium, and a write device for Storing the plural encoded 
tracks on the tape data Storage medium, Said encoder device 
comprising means for generating a byte Stream as claimed in 
claim 1. 

9. A method of encoding a plurality of tracks of data for 
Storage on a tape data Storage medium, Said method com 
prising: 

for each of Said plurality of data tracks written to Said tape 
data Storage medium, writing within Said data track, a 
preamble region which precedes a user data region, Said 
preamble region having a preamble data Sequence 
having a power spectrum Substantially similar to a 
power spectrum of a Substantially random data, Said 
preamble data Sequence having a power spectrum hav 
ing no significant troughs over a frequency band 
extending between first and Second-6 dB power levels, 
each side of a peak value. 

10. A method of encoding a plurality of tracks of data for 
Storage on a tape data Storage medium, Said method com 
prising: 
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for each of Said plurality of data tracks written to Said tape 
data Storage medium, writing within Said data track, a 
preamble region which precedes a user data region, Said 
preamble region having a preamble data Sequence 
having a power spectrum Substantially similar to a 
power spectrum of a Substantially random data, Said 
preamble data Sequence having a power Spectrum char 
acteristic Substantially similar to a power Spectrum 
characteristic of the following byte Stream of hexideci 
mal coded numbers: 

b3, d2, b8, 83, 67, a5, 71, 06, cf., 4a, e2, 0d,9e, 95, cA, 1b, 
3d, 2b, 88, 36, 7a, 57, 10, 6c, f4, ae, 20, d9, e9, 5c, 41, 
b3, d2, b8, 83, 67, a5, 71, 06, cf., 4a, e2, 0d, 9e, 95, cA, 
1b, 3d, 2b, 88, 36, 7a, 57, 10, 6c, f4, ae, 20, d9, e9, 5c, 
41, b3, d2, b8, 83, 67, a5, 71, 06, cf., 4a, e2, 0d, 9e, 95, 
c4, 1b, 3d, 2b, 88, 36, 7a, 57. 

11. A method of encoding a plurality of tracks of data for 
Storage on a tape data Storage medium, Said method com 
prising: 

for each of Said plurality of data tracks written to a tape 
data Storage medium, writing within Said data track a 
preamble region having a preamble data Sequence 
having a power spectrum Substantially similar to a 
power Spectrum of a 8-10 modulation coding con 
Volved with a power spectrum of a Substantially ran 
dom data. 

12. A method of reading a data Stream from a tape data 
Storage medium, Said method comprising the Steps of: 

reading preamble data, Said preamble data comprising a 
data Stream having a power spectrum equivalent to a 
power spectrum of an 8-10 modulation encoded byte 
Stream convolved with a power Spectrum of a Substan 
tially random bit stream; and 

Synchronising to Said read preamble data Stream. 
13. An apparatus for encoding a plurality of tracks of data 

for Storage on a tape data Storage medium, Said apparatus 
comprising: 

a write circuit for Sequentially writing Said plurality of 
data tracks to a tape data Storage medium, Said write 
circuit arranged for Sequentially writing on each of Said 
data tracks, a preamble region which precedes a user 
data region, Said preamble region having a preamble 
data Sequence having a power Spectrum Substantially 
Similar to a power Spectrum of Substantially random 
data in the user data region. 

14. The apparatus as claimed in claim 13, wherein Said 
write circuit is arranged to write between 800 and 900 bits 
of Said preamble data Sequence on each of Said plurality of 
trackS. 

15. The apparatus as claimed in claim 13, wherein said 
write circuit is arranged to write bits of data to Said tape, 
wherein each said bit occupies a length of the order 100 to 
140 nanometers per bit. 

16. The apparatus as claimed in claim 13, arranged to 
write Said preamble data Sequence having a distribution of 
transitions containing phase information validly useable by 
a timer circuit which is free of peaks of density of more than 
+ or -6 transitions from a mean value. 

17. The apparatus as claimed in claim 13, arranged to 
write Said plurality of data tracks acroSS a width of Said tape 
data Storage medium in a direction transverse to a main 
length of Said tape data Storage medium. 

18. The apparatus as claimed in claim 13, comprising an 
8-10 encoder for encoding Said preamble data Sequence, to 
result in an 8-10 encoded preamble data Sequence having a 
power Spectrum Substantially similar to a power Spectrum of 
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an 8-10 coding convolved with a power spectrum of a 
Substantially random data. 

19. An apparatus for encoding a plurality of tracks of data 
for Storage on a tape data Storage medium, Said apparatus 
comprising: 

a write circuit for writing Said plurality of data tracks to 
a tape data Storage medium, Said write circuit arranged 
for writing on Said data track, a preamble region which 
precedes a user data region, Said preamble region 
having a preamble data Sequence having a power 
Spectrum Substantially similar to a power Spectrum of 
a Substantially random data, Said write circuit being 
arranged to write a preamble data Sequence having a 
power Spectrum characteristic Substantially similar to a 
power spectrum characteristic of the following byte 
Stream of hexidecimal coded numbers: 

b3, d2, b8, 83, 67, a5, 71, 06, cf., 4a, e2, 0d,9e, 95, cA, 1b, 
3d, 2b, 88, 36, 7a, 57, 10, 6c, f4, ae, 20, d9, e9, 5c, 41, 
b3, d2, b8, 83, 67, aS, 71, 06, cf., 4a, e2, 0d, 9e, 95, cA, 
1b, 3d, 2b, 88, 36, 7a, 57, 10, 6c, f4, ae, 20, d9, e9, 5c, 
41, b3, d2, b8, 83, 67, a5, 71, 06, cf., 4a, e2, 0d, 9e, 95, 
c4, 1b, 3d, 2b, 88, 36, 7a, 57. 

20. An apparatus for reading a data Stream from a tape 
data Storage medium, Said apparatus comprising: 

a transducer for reading Said tape data Storage medium; 
and 

means for Sequendtially reading a preamble data Sequence 
and user data, Said preamble data Sequence comprising 
a data Stream having a power Spectrum equivalent to a 
power spectrum of the user data. 

21. An apparatus for reading and writing a data Sequence 
in Sequence, Said data Sequence comprising: 

a preamble data region in Sequence with a user data 
region; 

wherein Said preamble data region comprises a Sequential 
byte Stream having a power spectrum Substantially 
Similar to a power spectrum of Said user data in Said 
user data region. 

22. An apparatus for reading and writing a data Sequence, 
Said data Sequence comprising: 

a preamble data region and; 
a user data region; 
wherein Said preamble data region comprises a byte 

Stream having a power spectrum Substantially Similar to 
a power spectrum of Said user data in Said user data 
region, Said byte Stream comprising a byte Stream 
having a power Spectrum characteristic Substantially 
Similar to a power spectrum characteristic of the fol 
lowing byte Stream of hexidecimal coded numbers: 

b3, d2, b8, 83, 67, a5, 71, 06, cf., 4a, e2, 0d,9e, 95, cA, 1b, 
3d, 2b, 88, 36, 7a, 57, 10, 6c, f4, ae, 20, d9, e9, 5c, 41, 
b3, d2, b8, 83, 67, aS, 71, 06, cf., 4a, e2, 0d, 9e, 95, cA, 
1b, 3d, 2b, 88, 36, 7a, 57, 10, 6c, f4, ae, 20, d9, e9, 5c, 
41, b3, d2, b8, 83, 67, a5, 71, 06, cf., 4a, e2, 0d, 9e, 95, 
c4, 1b, 3d, 2b, 88, 36, 7a, 57. 

23. An apparatus for reading and writing a data Sequence, 
Said data Sequence comprising: 

a preamble data region and; 
a user data region; 
wherein Said preamble data region comprises a byte 

Stream having a power spectrum Substantially Similar to 
a power spectrum of Said user data in Said user data 
region, and an 8-10 modulation coder for coding Said 
preamble data and Said user data, wherein Said coded 
preamble data has a power spectrum Substantially simi 
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lar to a power Spectrum of Said user data convolved 
with a power spectrum of Said modulation coding. 

24. An apparatus for reading and writing a data Sequence, 
Said data Sequence comprising: 

a preamble data region and; 
a user data region; 
wherein Said preamble data region comprises a byte 

Stream having a power spectrum Substantially Similar to 
a power spectrum of Said user data in Said user data 
region, and having 8 last Sequential bits corresponding 
to a 2T transition pattern. 

25. An encoder device for encoding a plurality of tracks 
of data for Storage on a tape data Storage medium, Said 
encoder device comprising a byte Stream generator for 
encoding plural tracks for recording on a tape data Storage 
medium So each of Said recorded tracks includes a preamble 
region which precedes a user data region, Said preamble 
region having a preamble data Sequence having a power 
Spectrum Substantially similar to a power Spectrum of Sub 
Stantially random data. 

26. An apparatus for reading a data Stream from a tape 
data Storage medium, Said apparatus comprising: 

a head for Sequentially reading a preamble data Sequence 
and user data, Said preamble data Sequence comprising 
a data Stream having a power Spectrum equivalent to a 
power spectrum of the user data. 

27. A magnetic tape including multiple diagonal tracks, 
each of the diagonal tracks including a preamble portion and 

15 

25 

14 
a data portion, the preamble and data portions being Such 
that when read the preamble and data portions have Sub 
Stantially similar power Spectra. 

28. The magnetic tape of claim 27 wherein said preamble 
portion, when read, has a power Spectrum having no Sig 
nificant troughs over a frequency band extending between 
first and Second -6 dB power levels, each side of a peak 
value. 

29. The magnetic tape of claim 27 wherein said preamble 
portion, when read, has a power spectrum characteristic 
Substantially similar to a power spectrum characteristic of 
the following byte stream of hexidecimal coded numbers: 

b3, d2, b8, 83, 67, a5, 71, 06, cf., 4a, e2, 0d,9e, 95, cA, 1b, 
3d, 2b, 88, 36, 7a, 57, 10, 6c, f4, ae, 20, d9, e9, 5c, 41, 
b3, d2, b8, 83, 67, aS, 71, 06, cf., 4a, e2, 0d, 9e, 95, cA, 
1b, 3d, 2b, 88, 36, 7a, 57, 10, 6c, f4, ae, 20, d9, e9, 5c, 
41, b3, d2, b8, 83, 67, a5, 71, 06, cf., 4a, e2, 0d, 9e, 95, 
c4, 1b, 3d, 2b, 88, 36, 7a, 57. 

30. A magnetic tape including multiple diagonal tracks, 
each of the diagonal tracks including a preamble portion and 
a data portion, the preamble and data portions being Such 
that when read and Supplied to an AGC circuit via an 
amplifier and initial equalizer no Substantial change in the 
gain of the AGC circuit is necessary to maintain a Substan 
tially constant amplitude output of the AGC circuit. 
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